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Abstract Background: Non-steroidal anti-inflammatory drugs are commonly used to
relieve postoperative pain. Diclofenac sodium is a non-steroidal anti-inflammatory
drug used as an analgesic during the postoperative period. Diclofenac sodium
has powerful anti-inflammatory actions. As anti-inflammatory action may interfere
with wound healing, we have studied the effects of diclofenac sodium on the heal-
ing of colonic anastomosis in rats.
Methods: Thirty-six SpragueeDawley rats were used. Resection and anastomosis
was performed on the distal colon of rats. The diclofenac group of rats received
4 mg/kg/day diclofenac sodium intramuscularly. The control group received
0.1 mL/day 0.9% NaCl intramuscularly. Anastomoses were evaluated with bursting
pressure of the anastomoses and hydroxyproline level of the perianastomotic tis-
sues on the third and seventh postoperative days. The ManneWhitney U-test was
used for statistical analysis.
Results: Three rats from each group died because of septic complications due to
anastomotic leaks. Bursting pressures of the diclofenac group of rats (3rd day:
40.12  6.72 mmHg; 7th day: 172.02  30.74 mmHg) were lower than controls
(3rd day: 54.13  8.11 mmHg; 7th day: 206.00  27.14 mmHg) both on the third
and seventh days. Mean hydroxyproline contents of the perianastomotic tissues
of diclofenac-treated rats (3rd day: 1.97  0.17 mg/mg tissue; 7th day: 3.61 
0.32 mg/mg tissue) were lower than controls (3rd day: 2.16  0.12 mg/mg tissue;
7th day: 4.95  0.64 mg/mg tissue) both on the 3rd and 7th days, similar to bursting
pressures.
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Colonic anastomosis and diclofenac sodium 223Conclusions: Diclofenac sodium had a negative effect on bursting pressures of the
colonic anastomoses and hydroxyproline contents of perianastomotic tissues of rats
in our study. Anastomotic leak rates were not affected. The effects of diclofenac
sodium should be studied in detail.
ª 2006 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.Introduction
Non-steroidal anti-inflammatory drugs (NSAIDs) are
commonly used in inflammatory disorders and to
relieve postoperative pain on the basis of their
analgesic, antiphylogistic, and antipyretic ac-
tions.1e3 NSAIDs have become one of the most
commonly used medications. The use of NSAIDs
continues to increase and their use is generally
well tolerated.4
Diclofenac sodium is an NSAID, used as an
analgesic after surgery or injuries in acute and
chronic joint inflammation and in degenerative
diseases, as well as the treatment of rheumatic
complaints. Diclofenac sodium has a very rapid
onset of action. The action of NSAIDs is based on
the inhibition of cyclooxygenase.3 Diclofenac
sodium acts powerfully on the cyclooxygenase
pathway in the arachidonic acid cascade.3,5
Cyclooxygenase converts the arachidonic acid
into prostaglandins, prostacyclin, and thrombox-
ane. These substances are mediators in the inflam-
matory process.3
Numerous factors may compromise healing of
colonic anastomoses.6 Compromised healing may
lead to major complications such as leakage, and
results in considerable morbidity and mortality.7
Anti-inflammatory drugs may interfere with wound
healing as the initial inflammatory response is
essential for anastomotic healing.6 As diclofenac
sodium has powerful anti-inflammatory actions,
we have investigated its effects on the healing of
colonic anastomosis in rats.
Material and methods
Ethical considerations
The Ethical Committee of Fatih University Medical
School approved the methodology of this experi-
mental study (Ref. #5, December 21, 2004). The
study was performed in accordance with the in-
ternationally accepted principles for laboratory
animals (Ethical Principles and Guidelines for
Experiments on Animals, Swiss Academy of Medical
Sciences, 1996).Animals
Thirty-six male SpragueeDawley rats (240e280 g)
were used. Animals had free access to normal
laboratory food (Medasx, Ankara) and tap water.
They were housed at 21 C in a12:12 h light/dark
cycle.
Surgery
On the day of surgery, anesthesia was maintained
with ketamine (Ketalar, Eczacıbasxı) 30 mg/kg, in-
tramuscularly (i.m.). After shaving, the abdomen
was prepared with povidoneeiodine. Surgery was
performed under sterile conditions through a lower
midline 2 cm abdominal laparotomy. 0.5 cm of
colon was resected 3 cm proximal to the peritoneal
reflection. The mesenteric arcade was protected
during resection. Anastomosis was performed in a
single layer manner with 9e12 interrupted invert-
ing 6/0 polyprolene sutures (Prolone, Ethicon).
The abdomen was closed with 3/0 polyglactine
(Polysorb, Tyco) running sutures in two layers.
Groups
The rats were divided into two groups randomly.
The diclofenac group (DG) received 4 mg/kg/day
diclofenac sodium i.m. (Voltaren Ampul, Novartis)
(18 rats) and the control group (CG) received
0.1 mL/day 0.9% NaCl i.m. (18 rats).
Bursting pressure and hydroxyproline
determination
Bursting pressure is a mechanical parameter and
the hydroxyproline level of the perianastomotic
tissue is a measure of the amount of the collagen
present, and is a biochemical parameter of anas-
tomotic healing.8e10 We used these parameters to
evaluate anastomotic healing.
On the third postoperative day, eight rats from
CG and eight rats from DG were randomly selected
for bursting pressure and hydroxyproline level
determination of the perianastomotic region. An-
esthesia was maintained with ketamine 30 mg/kg
i.m. The whole colon was resected. Great
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the perianastomotic region. Rats were euthanized
by cardiac puncture. The proximal end of the co-
lon was attached to an air pump supplying 1 mL
of air per minute. The distal end was attached to
a continuous pressure display monitor (Petasx
KMA365B) via a transducer (Scheme 1). The colon
was immersed in saline and the air pump started.
The pressure was recorded as ‘‘bursting pressure’’
when the pressure went down suddenly or bubbles
were seen. The perianastomotic region was cleared
after bursting. A colon segment of 1 cm (0.5 cm
each side of anastomosis) was taken and rinsed
with saline for hydroxyproline determination.
The samples were stored at 40 C for subse-
quent analysis of hydroxyproline content of the
perianastomotic region. Determination of hydroxy-
proline was performed as described by Jamall
et al.11
Other rats from each group had the same pro-
cedure on the seventh day.
Statistical analysis
SPSS for Windows 10.0 software was used for
statistical analysis. The ManneWhitney U-test
was used to determine differences of groups. The
statistical significance level was set at p < 0.05.
Results
Three rats from each group died due to septic
complications following anastomotic leakage. The
other rats survived until sacrifice without any
surgical or anesthetic complication. Because of
the deaths the number of rats from each group was
eight on the third day and seven on the seventh
day. There were no statistical differences between
groups regarding anastomotic leakage (p > 0.05).
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Scheme 1 A simple diagram of the bursting pressure
measurement system.Bursting pressures of the DG were lower than CG
both on the third and seventh days (Table 1,
Fig. 1). These results were significant (3rd day:
p ¼ 0.01; 7th day: p ¼ 0.03). Hydroxyproline con-
tents of perianastomotic tissues of the DG were
lower than CG both on the third and seventh
days (Table 2, Fig. 2). These were also as signifi-
cant as bursting pressures (3rd day: p ¼ 0.01; 7th
day: p ¼ 0.01).
Discussion
NSAIDs have a broad spectrum of clinical applica-
tions and have been used for many years for
analgesic, anti-inflammatory, and anti-thrombotic
purposes. The use of these drugs continues to
increase.4 NSAIDs reduce postoperative pain and
opioid consumption.12
Anastomotic healing is a complex process in-
volving a highly regulated series of biological
events.13 It requires coordination of a number of
Table 1 Mean bursting pressures of control and
diclofenac groups
Day Group No. of
rats
Bursting pressure
(mean  SD mmHg)
(MineMax)
3 Control 8 54.13  8.11
(43.00e64.00)
Diclofenac 8 40.12  6.72
(31.00e50.00)
7 Control 7 206.00  27.14
(177.00e244.00)
Diclofenac 7 172.02  30.74
(120.00e221.00)
7788N = 
diclofenac 7th day
control 7th day
diclofenac 3rd day
control 3rd day
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Figure 1 Bursting pressures of control and diclofenac
groups on the 3rd and 7th days.
Colonic anastomosis and diclofenac sodium 225cellular activities and humoral factors.14 Inflam-
matory reaction is essential for healing and in-
cludes infiltration, capillary ingrowths, migration,
phagocytosis and chemotaxis, then early collage-
nolysis takes place. Fibroblasts proliferate and
synthesize collagen in the submucosal layer. Colla-
gen is the major protein of the extracellular matrix
and the predominant constituent of the final heal-
ing scar. Collagen continues to form and remodel
via cross-linking until the formation of mature
scar tissue.6,8,9,14,15 Failure of anastomotic healing
is a serious complication of large bowel surgery
which increases morbidity and mortality rates sig-
nificantly.9 Reported failure rates vary greatly,
ranging between 0% and 35%.8 Many factors have
been shown to have a profound effect on wound
healing and gastrointestinal healing.6,7 Any factor
disrupting one or more steps in the healing process
will probably result in impaired wound healing.15
There are contradictory reports on the effects
of diclofenac on the healing of wounds.1,16e18
Quirinia and Viidik have studied the influence of di-
clofenac and indomethacin on the healing of nor-
mal and ischemic incisional wounds in skin in an
animal study. According to the findings of this study
diclofenac sodium does not impair the healing of
Table 2 Mean hydroxyproline contents of control
and diclofenac groups
Day Group No. of
rats
Hydroxyproline content
(mean  SD mg/mg tissue)
(MineMax)
3 Control 8 2.16  0.12 (2.02e2.37)
Diclofenac 8 1.97  0.17 (1.61e2.09)
7 Control 7 4.95  0.64 (3.60e5.60)
Diclofenac 7 3.61  0.32 (3.19e4.21)
7788N = 
diclofenac 7th day
control 7th day
diclofenac 3rd day
control 3rd day
H
yd
ro
xy
pr
ol
in
e
,6
,5
,4
,3
,2
,1
Figure 2 Hydroxyproline contents of the two groups
on the 3rd and 7th days.normal or ischemic wounds in rats.1 Dvivedi et al.
reported that diclofenac sodium caused a reduction
of the strength of wound and the weight of granu-
loma formed in an animal study involving the
skin and subcutaneous tissue of rats.16 Blomme
et al. reported that chronic daily treatment with
diclofenac had no significant effect on cutaneous
healing in their experimental study.17 In another
experimental study, Sousa et al. investigated the
effects of diclofenac sodium on intestinal anasto-
motic healing in rats and found that diclofenac
had a negative effect on intestinal healing. An in-
creased rate of anastomotic dehiscence, delayed
acute inflammatory response and decreased ten-
sile strength of small intestine anastomosis were
detected in rats in this study.18 Beck et al. stated
that diclofenac sodium has a delaying effect in
fracture healing of rats.3 According to our findings,
both bursting pressures of anastomoses and hy-
droxyproline contents of perianastomotic tissues
of the diclofenac-treated group of rats were lower
than controls. Some properties of diclofenac
sodium may thus impair the healing of the
anastomosis.
Diclofenac sodium, like other NSAIDs, inhibits
cyclooxygenase enzymes (both cyclooxygenase-
1 and -2), which convert the arachidonic acid
into prostaglandins, prostacyclin and thrombox-
ane.3,12,17,19 As optimal inflammation is essential
for proper wound healing, inhibition of this
enzyme may have a negative influence on the in-
flammatory process of anastomotic healing.
Polymorphonuclear leukocytes are the first cell
type to accumulate in inflammatory reactions. It
has been shown that NSAIDs can inhibit polymor-
phonuclear leukocyte responses such as the
extracellular release of lysosomal enzymes, che-
motaxis, migration, aggregation, adherence and
spontaneous motility, and the production of su-
peroxide anion.20e22 These effects may be inde-
pendent of their inhibition of prostaglandin
synthesis.20 NSAIDs have been demonstrated to
reduce leukocyte accumulation at the inflamma-
tory site. Cyclooxygenase inhibition increases
histamine levels, which may have a significant role
in the inhibitory effect of drugs on leukocyte accu-
mulation. Production of PGE2 is also inhibited by
NSAIDs at the inflammatory sites, since the vasodi-
latation induced by PGE2 is reported to enhance
leukocyte accumulation.22 In the inflammatory
phase of the healing process of anastomosis, neu-
trophils play an important role by clearing up
debris, protecting from infection, and releasing
growth-promoting substances.23,24 Decreased neu-
trophil infiltration coincides with defective anasto-
motic healing in rats.23
226 A. _Inan et al.Fibroblasts proliferate and synthesize collagen
in the submucosal layer.9,14,15 Diclofenac sodium
delays the onset of fibroblast proliferation.18
Adequate tissue perfusion and oxygen delivery
are important factors for healing.25 The blood
supply is dependent on the formation of new
blood vessels in the anastomosis (angiogenesis).26
Angiogenesis is a critical component of the healing
and is necessary in the healing of colorectal anas-
tomosis.8,15,17 Angiogenesis is regulated by cyclo-
oxygenase-2 enzyme, which is also inhibited by
diclofenac sodium. There is experimental evidence
that COX-2-produced PG may modulate fibroblast
growth factor-b and vascular endothelial growth
factor-induced angiogenesis. This process is also
inhibited by diclofenac. Diclofenac has been
shown to block angiogenesis in vitro and in vivo
in rat cornea, rat air pouch model and in mouse
tumor models.17 Antiangiogenic agents in the peri-
operative settings of colorectal resection might
interfere with the normal healing of anastomoses,
causing marked postoperative morbidity.15
Some NSAIDs have a distinct inhibitory effect on
protein synthesis, which may influence healing
negatively.27
NSAIDs inhibit the expression and release of
cytokines in human monocytes. These cytokines
include agents involved in inflammation such as
interleukin (IL)-1b, tumor necrosis factor (TNF)-a and
IL-6.2 Inhibition of these substances has a negative
influence on healing because IL-1b and TNF-a
function in matrix synthesis regulation and cell
recruitment and activation. TNF-a also functions
in neutrophil activation and angiogenesis, while
IL-6 functions in cell recruitment and activation.24
The mechanism by which cytokine expression is
inhibited by NSAIDs is not clear.2
NSAIDs can inhibit superoxide anion genera-
tion.21 Superoxide anions have a role in phagocy-
tosis and antimicrobial function.24 In their
experimental study, Dvivedi et al. found that diclo-
fenac sodium causes a retardation of inflammatory
response and reduces wound strength.16
In conclusion, our study demonstrated that
diclofenac sodium has a negative influence on
the bursting pressures of anastomosis and hydrox-
yproline content of perianastomotic tissues of the
colon of rats. Several explained actions of diclo-
fenac sodium may have a role in this process, such
as negative influence on the inflammatory process,
inhibition of polymorphonuclear leukocyte re-
sponses, blocking angiogenesis, and inhibition of
the expression and the release of cytokines. It has
also been found that diclofenac sodium has no
influence on the leakage rate of colonic anasto-
mosis of rats. As diclofenac sodium has beenwidely prescribed, the effects of this drug should
be studied in detail.
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